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to those nonllnearltles which may prove to be 
of particular Importance to power electronics 
design. The approach Is essentially a "black 
box" approach. Of particular Interest Is the 
fact that the formulation of this dc model 
results from measurements which may be made with 
standard commonly-avallable laboratory equipment. 
Measurement procedures are discussed in detail, 
a model formulation adapted for use -<1th 
SL'PER*SCEPTRE Is presented, and a comparison be- 
tween actual and computer-generated results Is 
made. 


DISCUSSION OF TRANSISTOR MODELS AND 
DEVICE CHARACTERISTICS 

Because transistor models have been around 
almost as long as transistors themselves, a great 
deal has been published on various approaches to 
modeling transistor characteristics. These various 
approaches, in many cases, were developed with a 
specific application in mind, be It Integrated t 

circuit analysis or device development. References I 

1 .0 7 comprise a list of sources wnich were found i 

to be very helpful in developing the dc modeling 
approach to be presented. Few of the models, 
however, appear to lend themselves well to pre- 
dicting the types of nonllnearltles encountered 
In power switching transistors, and, of the subset 
that do, even fewer are readily adaptable for use 
In conjunction with CAOA programs. 


ABSTRACT 

T^cre exists a need for a reasonably accurate 
mode! for bipolar Junction power switching tran- 
sistors whose parameters can be readily obtained 
by the circuit design engineer, and which can be 
conveniently Incorporated into stand*. *d computer- 
based cl ’Cult analysis programs. This paper 
presents such a dc model whose formulation results 
entirely from measurements which may be made with 
standard laboratory equipment. Measurement pro- 
cedures, as well as a comparison between actual 
and computed results, are presented. 


INTRODUCTION 

During the oast decade, computer-aided design 
and analysis (CAOA) programs have begun to emerge 
as oowerful tools for the design and analysis of 
power electronic circuits. In many applications 
it Is desirable to utilize a model for a bipolar 
junction power switching transistor. The degree 
of accuracy required of such a model, of cour*>, 
may vary from one application to another, but In 
many applications the accuracy of the desired 
network simulation result is directly proportional 
to the accuracy of the device model employed. 

On.? example where this is true is in the simu- 
lation of the voltage and current stresses 
placed on the power switching transistor Itself 
when It Is embedded in an electronic power circuit. 

The diversity of various transistor models 
usually leaves open for decision by the circuit 
design engineer the question as to which transistor 
model should actually be used. When choosing a 
transistor model, one is generally faced with 
three trade-offs: (1) The desired accuracy of the 
model in the intended region of operation; (2) 
the availability, from measurements or otherwise, 
of model parameters necessary for the successful 
implementation of the model; and (3) the adapta- 
bility of the chosen modeling approach to the 
particular type of CADA program one wishes to 
utilize. 

This paper addresses the task of modeling 
the nonlinear dc characteristics of a power 
switching transistor, paying special attention 

This work was supported by the National 
Aeronautics and Space Administration under Research 
Grant NSG-3157 to Duke University. 


Regardless of the approach which is undertaken, 
a common denominator among all transistor modeling 
approaches Is tnat various values of model para- 
meters or other specific Information about the 
device under consideration must be made available 
before the model can be successfully implemented. 

One fact which is often overlooked when various 
modeling approaches are being considered is simply 
that transistor characteristics vary from tran- 
sistor to transistor. Therefore, no power tran- 
sistor model, regardless of formulation, can be 
expected to accurately predict the characteristics 
of any transistor other than the one from which 
the model parameters were obtained. The circuit 
design engineer is therefore confronted with a 
tradeoff. If he uses "typical" parameter values 
for his model, he can expect no more than a 
"typical" model. If, however, his application 
demands a more accurate characterization of a 
particular device, the ease with which the 
parameters for that device can be obtained becomes 
of primary Importance. 
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Figure 1. Collector character, e tics for ZXetH transistor it (a) taken from curve tracer, (b) re predicted 
by simple Sbere-Mcll •nodal, and to) ae predicted by t hie modeling approach, with scale factors 
V^, SV/div; I„ ZA/diJ; and Z g , SOmA/etep. 


Thus, the purpose of the dc modeling approach 
presented here Is to predict, with reasonable 
accuracy, the dc characteristics of a power 
switching transistor, and yet keep the measurement 
scheme used In tha formulation of the model simple 
enough to allow the characterization of Individual 
devices In a practical manner. It should be 
emphasized that th's Is a dc model only, and in 
that sense It Is not a complete model. However, 
this dc model should provide a foundation upon 
which to build 3 complete model Including dynamic 
characteristics. 

Figure 1(a) Is an oscillogram of the collector 
characteristics of a 2N6354 transistor In its high 
current region. Two Important effects to be recog- 
nized from this photograph are that the dc current 
gain hp E (or a), defined as the ratio of collector 
current Ij; to lase current Ig, depends not only In 
a nonlinear way on Ig, but also Is functionally 
related to collector-emitter voltage Vce - Observe 
that these two nonlinear dependencies become more 
pronounced with Increasing base current levels. 

The dependence of hpr on Ig and V^g has long been 
recognized. The variation of hpg with respect to 
base current Is often referred to as the Webster 
effect [3], and the variation of hpg with respect 
to Vce Is often referred to as the Early effect 
[ 9 ]. 

Because hFEi at any point In the VCE-*'C 
plane. Is a function not only of Ig but also of 
Vce, and because these relationships between hFE 
and !g, and between hpg and Vgg, are nonlinear in 
rature, the collector characteristics In the 
''CE’IC plane are difficult to model accurately. 

The most well known of transistor models, the 
classical Ebers-Moll model [2], does not predict 
the observed variation of hFE with respect to 


either Ig or Vce- For comparison purposes. 

Fig. 1(b) portrays a computer-generated family 
of collector characteristics for this same 
2N6354 transistor as predicted by a simple Ebers- 
Moll model. Also shown. Fig. 1(c), are collector 
characteristics for this transistor as predicted 
by the model presented In the next section. 

Several variations of modified Ebers-Moll models 
have been formulated taking either one or both 
of the above hpg dependencies Into account [3-6]. 
To date these modified Ebers-Moll models have 
been principally developed for low-power signal 
transistors, and they do not lend themselves 
well to predicting the type of hpg variation 
occurring In power switching transistors. The 
basic Ebers-Moll „)odel has the dual advantage 
of being relatively simple to understand and 
easy to work with; It Is a modified Ebers-Moll 
model with which this paper Is concerned. 

DESCRIPTION OF MODIFIED EBERS-MOLL MODEL 
AND MEASUREMENT SCHEME 

The complete modified Ebers-Moll equivalent 
circuit model developed In this paper for an NPN 
transistor Is shown In Fig. 2. Note that the 
gain of the forward dependent current generator, 
controlled by the base-emitter junction diode cur- 
rent Ip and Identified by the symbol ip, Is a 
function of both Ig and Vce* Also Included In 
the model are base, collector, and emitter series 
resistances Rgg*, R(X'» and R EE'» respectively, 
as well as the familiar pair of Ideal diodes and 
the reverse dependent current generator with con- 
stant gain or. Nonlinear junction capacitances Cg 
and Ce, which are not characterized in this paper, 
are shown for explanatory purposes This section 
describes the methods by which the components of 
the model are measured and characterized. 
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Figure 2. Proposed modified Ebera-Moll model 

for an HP!! transistor. The nonlinear 
capacitances Cq and Cg( shown dashed) 
have been included for explanatory 
purposes . 



Figure 3. Expended view of a family of three 

constant I„ aolleotor characteristics 
showing measurement of AI^/A 


As previously mentioned, the nonlinear re- 
lationships between hgg and I q , and between hpE 
and Vcei are difficult to characterize, simply 
because any measured value of hpE in the high 
current region is simultaneously affected by both 
the Webster and Early effects. However, if one 
of these effects can be distinguished from the 
other effect, hpg can be characterized as having 
two components: one component due to hpE variation 
with respect to Ig (Webstar effect), and one com- 
ponent due to hpE variation with respect to Vce 
(E arly effect). The technique used here is to 
first characterize the Early effect and then to 
use the results of this characterization when 
characterizing the Webster effect. 

An expanded view of a family of three constant 
Ig characteristics is shown in Fig. 3. Referring 
to this figure, it can be seen that for collector- 
emitter voltages greater than some value of collec- 
tor-emitter voltage Vqe» the constant Ig curves in 
the Vce-Ic plane can be characterized as straight 
lines with a slope which is dependent on the par- 
ticular value of Ig under consideration. Thus, for 
a single Ig characteristic, the slope of the 
straight-line portion of the curve can be ap- 
proximated from two points as 


A 

%E 3 Tg (2) 

Dividing both sides of equation (1) by Ir, 
and using the results of equation (2), one can 
define a new constant M which is a function of Ig, 
given by 




A ^FE = Al C /J B = (I C2 ~ ^l^BI ,,, 
% iV CE V CE2 ' V CE1 


If one makes measurements to determine M 
over a range of values of Ig, and then plots M 
as a function of logiolB, an approximately ex- 
ponential relationship between M and logiolg 
is recognized. Figure 4 shows the results of 
such measurements for the 2N6354 and 2N6544 
transistors. 


The measured values of M and the correspond- 
ing values of logiQlg are then used to find a 
least squares fit to a fun- * (on of the form 


M = Aexp(Blog 10 Ig) + C (4) 


aI C l C2 ' *(11 n 

iV CE V CE2 ~ V CE1 

From the relationship Ig = Hfe Ib» one may 
define a change in hpE for a constant Ig as 


where A, B, and C are determined from the least 
squares fit [10]. Depending on the shape of the 
plotted results of the M vs. logiolB measurements, 
a bit of trial and error may be in order to de- 
termine whether or not the inclusion of the con- 
stant C will improve the overall fit. The 


t 



■* >1 -I •< I 

Figur e 4. y.eaeurei values cf V as a function of 

logics a - on 3 results of exponential 
least-squares fit for tke 1X6214 ana 
2H6244 tr'T.sistors. .'.’tenerical values 
for the sceffioiente used are given in 
Table 2. 


results of the least-squares fit con-oared with 
the measured values are shown In Fig. 4 for 
the 2N6354 and 2NF544 transistors. 

The second step In characterizing up Is then 
undertaken. From curve tracer measurements, values 
of hpf are ootalned over a range of Ig values and 
and at a single value of V'CE * V CE1* The only 
restriction on the choice of Vc«n Is that VcEl 1 
Vq£ , so that the characterization of hpp as a 
function of I B may be compatible with the straight- 
line approximations used previously In character- 
izing the Early effect. In practice, as long as 
the above restriction Is met, factors Influencing 
the choice of Vc£-j are convenience and the power 
limitations of the curve tracer as well as the 
safe operating area of the transistor. 

Because each measurement of hpg Is made at a 
known value of Vqe * VcEl , th* contribution of 
the Early effect to the value of hp E at each 
measurement point can be calculated'from the pre- 
ceding least-squares fit of M as a function of 
logiolg- In other words, the results of equa- 
tion (4) may be used to adjust each measured 
value of hp£ by an amount determined by the con- 
tribution of the Early effect at that particular 
value of I B * I B1 and V CE ■ V CE1 . 

For a pictorial explanation, the reader Is 
again referred to Fig. 3. Considering a single 
collector characteristic associated with 1 B • I B i , 
the straight-line approximation used In character- 
izing the Early effect Is extrapolated backward 
to the axis corresponding to Vce * 0. A measure- 
ment of h EE « h EE Is made at the point where the 
extrapolated line (the dotted line In Fig. 3) 
crosses this axis. The value of hfr determined 
In this manner Is now independent of Vce- 
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Figure S. Measured values of hfe as a function of 
logiglg along uith reeulte of polynomial 
least-squares fit for the ZS62S4 and 
2!!6 244 transistors. Hints ri cal values 
for the coefficients used are given in 
Table 2. 


In practice. It Is unnecessary to actually 
perform this extrapolation. Suppose a value of 
hp E ■ hr E1 Is obtained at I B ■ Io^ and V E g ■ V EE i- 
Tne following steps are then performed to de- 
termine hp,: 

(1) Knowing I B ■ Igj, and thus log 10 I B j, 
use equation (4) to determine M; 

(2) Calculate h^ • hp^ - MV CE1 . 

This procedure Is equivalent to the pictorial one 
described above. 

The above procedure Is repeated for a range 
of 1 B values, and hfr Is plotted versus logiglg. 

The resulting plots for h^ E vs. log^glg ^ or the 
2N6354 and 2N6544 transistors are shown In Fig.S. 
Mote that because of the shape of the measured 
data, the function h£ E may be approximated 
conveniently by a polynomial In log^nlg, which Is 
the procedure used for this model. While the 
order of the polynomial may vary depending on the 
nature of the data obtained for a specific tran- 
sistor, or on the degree of accuracy required 
of the least squares polynomial fit [11 J , It 
has been found that a good fit of hf E as a function 
of logiolg can usually be obtained with a poly- 
nomial of degree five or less. 


It should be noted that In general the 
results of the curve fitting procedures pre- 
viously described are valid only over the range 
of values in which measurements were made. 
Attempting to utilize the model outside this range 
may produce erroneous results. This fact Is 
evident from the left-most portion of the fitted 
curve shown in Fig. 5 for the 2N6544 transistor 
where the resultant mathematical function begins 
to ascend. 
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Th# forward dependent current generator para- 
meter can now be described as consisting of 
two part*; one, a polynomial In loginlg. * nd two, 
an exponential function of Ig multiplied by Vj£. 
Symbolically, this process can be described as 
follows: 


FE 


h FE 


♦ mv 


CE 


(5) 


or • (a polynomial In log^Ig) 

♦ (an exponential In 1°9iplg)V C £ (6) 
x F is tnen calculated from " Fr as 

WW ’ h F£ F * 1 

where the symbol » F (lg. V^) Is used as a reminder 
of the functional dependence of a F on I. and V CE- 

A FORTRAN subroutine was written to Implerent 
this process, and this subroutine. In conjunction 
with the circuit analysis program SUPER*SCEPTRE 
[12], Is used to calculate the value of a F at each 
solution point in the transient solution. The 
FORTRAN subroutine written to evaluate a F for a 
particular 2N6354 transistor appears at the bottom 
of the $UPtR*$CEPTKE Input listing shown In Fig. 6. 

The remaining elements of the transistor dc 
model may now be characterized. Referring to the 
schematic diagram of the model shown In Fig. 2, the 
two diodes are characterized by the following two 


equations: 




CfVist P • 

Vl5<« •" 

(8) 

and 

i * 

i, • r„ (« -'I 

(9) 


The techniques used for Measuring C£, oc, 

Ifj, and Ir$ are standaro, and rather then pre- 
senting a detailed discussion here, the reader Is 
referred to B eference 6 for an excellent presen- 
tation of one method for determlng these param- 
eters. It Is necessary to note that the type of 
measurement Information needed for the methods of 
[6] can be obtained from curve tra '<r Information, 
although other measurement schemes may be preferable 
to different Individuals. One difference, however, 
between the measurement procedure described In 
[6], and the procedure used In formulating the 
present model Involves the condition of the 
collector (emitter) terminal when making base-_ 
emitter (base-collector) measurements. The values 
of d£, Gf, l£$. and were determined under 
short-circuit conditions, l.e., when measuring 
the base-emitter (base-collector) junction, the 
collector (emitter) terminal was short-circuited 
to the base. 

The value of ap Is calculated from measure- 


MOOEL DESCRIPTION 

MODEL RCA6354 (C-B-E) 

UNITS-AWS-V01TS-0W1S-UF-UH-USEC 

ELEMENTS 

R9.B-Y-. 1 14 

RC.C-X-.037 

RE.Z-E-.077 

JBC.Y-X-OIOOE EQUATIONS. 401E-10, 27. 7) 
JBE.Y-Z-D100E EQUATION^. 805E-12, 36. 9) 

CBE.Y-Z-.01 

C8C.Y-X-.01 

JN.X-Y.FGEN(JBE.IRB.PCE) 

JI.Z-Y-.89MBC 

DEFINED PARAMETERS 

PCE-X1 (VCBE-VCBC-VRC-VRE) 

CIRCUIT DESCRIPTION 

CURVE TRACER SIMULATION CIRCUIT 

•••••••••••••••••••••••••••••••••••••••••••••••WWW 

UNITS-AMPS-VOLTS-OHMS-UF-UH-USEC 

ELEMENTS 

T1 ,2-1 -G • MOOEL RCA6354 
RL, 3-2-2. 25 

J2.G-1 • TABLE 1 (TIME) 

EVCC.G-3 • TAB! E 2 (TIME) 

OUTPUT* 

J2 

IEVCC, PLOT(PCETl) 

FUNCTIONS 
TABLE 1 

0,0,1E4,0,1.001E4,.05,2E4,.05, 

T.001E4,. 10,3E4,.10,3.001E4,. IS, 
4E4,.15,4.001E4,.20,5E4,.20,5.001E4. 
.25,6E4,.25,6.001E4,.30,7E4,.30 
TABLE 2 

0.0,5E3,28.5,1E4,0,1.SE4,28.5.2E4,0, 

2.5E4,28.5.3E4,0,3.5E4 t 28.5.4E4,0. 

4.5E4,28.5,5E4,0,5.5E4,28.5,6E4, 

0,6.5E4,28.5,7E4,0 
RUN CONTROLS 
STOP TIME • 7E4 
MINIMUM STEP SIZE • 1.0E-20 
MAXIMUM STEP SIZE • 50.0 
MAXIMUM PRINT POINTS » 501 
INTEGRATION ROUTINE • IMPLICIT 
END 

*** FORTRAN SUBROUTINE — 

FUNCTION FGEN(JBE.IRBB.PCE) 

REAL JBE.IRBB.M 
IF (IRBB) 1,1,2 

1 BETA-. 10 
GO TO 3 

2 Y-ALOGIO(IRBB) 

BETA-4. 695-32. 06*Y+4.777*Y*Y 
1t5.669*Y-Y-Y*1.060*Y-Y-Y-Y 
1 ♦ . 06348*Y*Y*Y*Y*Y 
M-1.009*EXP(1.745-Y)».032 
BETA-BETA+M-PCE 

3 ALPHA-BETA/fBETA+l .0) 

FGEN-ALPHA-JBE 

RETURN 

ENO 


Figure 6. Input Hating in Si’FFF *S ( 'SyTRF forma t 
used to produce a family of collector 
duaracteristics for the' 2N61&4 translator 
which was studied. Listing includes 
model description, curve tracer simulation 
circuitry, and FORTRAN coroutine. 
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Figure ?. Teat circuit ueed to de famine R„g,, 

R-£,, and R^r uith oonponent value e 

•‘lmLUU.TmKi :i~Ct*lZOvF. Configuration 

ehoun used to reaeure 

raents In a standard manner [13]. Although the 
actual value of sr . In fact. Is dependent on the 
value of I(j at which the measurement Is taken, 
the value of or has been found to remain fairly 
constant over a wide range of Ip, decreasing 
significantly only for large values of Ig. Con- 
sequently, a mid-range calculation of *r Is used 
as a first order approximation to the behavior 
of the reverse current generator. 

The measurement of the three series resis- 
tances RgB 1 • R CC'i and R EE' presents a special 
measurement problem, particularly because non- 
negllglble values of ir are usually measured 
for power switching transistors. A measurement 
scheme was devised which utilized the special 
properties of the nonlinear capacitances Cj and Cc. 
shown dashed In Fig. 2, normally associated with 
each transistor junction. Under high forward bias 
conditions these capacitances have what Initially 
seems to be surprisingly high values [14]. In 
the case of power switching transistors, these 
capacitances often measure in the hundreds of 
microfarads range. 

Therefore, by placing both junctions In a 
condition of high forward bias, the capacitances 
appear essentially as short circuits to ac voltages 
and currents, thus allowing small-signal ac 
measurements of the series resistances without 
the effects of the Ideal diodes and current gen- 
erators being present. The series resistances 
are determined from a series of three measure- 
ments. Small-signal ac measurements at the 


col lector-emitter, base-collector, and base- 
emitter terminals correspond to values for R^r' 

♦ r EE*. r B 8‘ ♦ • * nd b BB' ♦ r EE’ • respectively. 

Once these values are ..masured, the values of the 
respective series resistances are determined by 
solving the resulting set of three simultaneous 
linear equations In three unknowns. 

The test circuit shown In Fig. 7 Is used to 
make these measurements with the ac signal source 
terminals labelled “A* and "B“ connected to the 
appropriate transistor terminals for the three 
separate measurements. The purpose of the large 
Inductors L^ and Lg Is to block the ac patn through 
the bias supply Vg* AS , while the purpose of capac- 
itors Ci and Cg Is to Insure that the ac source 
Is truly ac-coupled at the transistor terminals. 

While observing the ac current and voltage 
waveforms on an oscilloscope, Vg Is Increased 
to the point where a further Increase In Vgj A j 
produces no observable change In the ac wave- 
forms. A frequency Is then found for which the 
ac current and voltage waveforms are approximately 
In phase with one another. Three measurements are 
then taken, one at the frequency where the ac 
current and voltage waveforms are approximately 
in phase, and two others at an octave above and 
below this frequency. The results of these mea- 
surements, as well as other pertinent test con- 
ditions, are shown 1 r. Table 1 for the three junc- 
tions of the 2N6354. 

The values of all the parameters measured 
for the 2N6354 and 2N6544 transistors are shown 
In Table 2. It should be emphasized that these 
results are for one particular transistor of 
each type, and these results will rot necessarily 
be valid except for the particular transistors 
measured. 


COMPARISON OF COMPUTED ANO OBSERVED 
COLLECTOR CHARACTERISTICS 

Figure 6 Is an Input listing In SUPER*SCEPTRE 
format for the resultant 2N6354 transistor embedded 
in a circuit used to simulate a transistor curve 
tracer. Figures 8(b), (d) and 9(b), (d) are pre- 
dicted output characteristics for the 2N6354 and 
2N6544 transistors, respectively, over two differ- 
ent ranges of base current which were produced 
from the output of SUPER*SCEPTRE. Figures 8(a), (c) 
and 9(a), (c) are oscillograms of collector charac- 
teristics, taken from a Tektronix Type 577 curve 
tracer under pulsed conditions, corresponding to 
the predicted collector characteristics beside them. 
From these figures, good agreement between predicted 
and observed results can be seen. In order to pro- 
vide more detailed comparison, the predicted re- 
sults shown In Figs. 8 and 9 were not directly 
produced by SUPER*SCEPTRE, which normally produces 
line printer plots and tabulated output data. In- 
stead, the tabulated output data from SUPER*SCEPTRE 
was used In conjunction with another plotting rou- 
tine to produce the predicted collector character- 
istics on a Tektronix Type 40^3 graphics display 
terminal . 
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TABLE 1 


Results of measurements of series resistances 
for the 2N63S4 transistor under study. 


— 
Base-Collector Junction Measurements 

f-20kHz Vgj.-0.772V ♦•♦9* R BB ' * R C C‘ *°- 153f - 
f-40kHz Vj C - 0.772V #-0* R g g. 150i. 

f-80kHz Vg^ -0.772V »— 13* Rgg.«* cc .-0.U«f. 

Base-Emitter Junction Measurements 

f-10kHz Vg £ -0.786V a—9 

* R Bfr * R EE'* 0 - 198 -' 

f-20kHz Vg E -0.786'. »-0* 

R BB'* R EE'’°- 190r - 

f-40kHz Vg E «0.786V »--6 

* W-0.179C 

Collector-Emitter Junction Measurements 

f-20kHz V BE -0.792V 

V BC -0.779V 

»-*9* 

R CC , * R EE'* 8,117n 

| f-40khz Vg E -0.803V 

Vg C -0.783V 

♦-0* 

R Cc* R £E'*0.113f. 

f- 80kHz V 3E -0.793V 

Vgc-0.778V 

♦•-22° 

R cc , * R ££ , *o.iior. 

R 3B'* R CC'' 0 - 150n 

Rgg.-O.mr. 

R BB'* R EE'“ 0,190r ' 

R ee .-0.077q 

r CC' +R EE’*°' 113 *‘ 

R^j.. -0.037(1 


One area where the predicted and observed 
collector characteristics do not show close agree- 
ment Is the high current, ow collector-emitter 
voi.age region, where the actual collector char- 
acteristics deviate most from the straight-lire 
approximations used to characterize the Early 
effect. Also, It should be recognlzea that by 
utilizing the curve tracer as the measurement 
device, a slight tradeoff between ease and accu- 
racy of measurement Is Introduced. 

CONCLUSION 

The major feature of the dc model presented 
he'e Is that It allows the circuit design engineer 


TABLE 2 

Simmary of model Information for the 2N6354 and 
2N6544 transistors under study. 

2N63S4 Data 

S unwary 

"gg.-O.lHr. 

R cc ,-0.037o Rj£. -0.077a 

0J-36.9V* 1 

I es -6.805x10* 12 A 

6 C -27.7V* 1 

I cs -7.401x10* 10 A 

ip-0.89 

M-1.009exp(1.7451og, 0 Ig) ♦ 0.032 

h^ E -4.695 - 

32.06(log 10 Ig) ♦ 4.777(1og 10 !g) 2 

*5.699(log 10 Ig) 3 ♦ 1 . 060( 1 og, Q I g ) 4 

♦0.06348(log 10 Ig) 5 

2N6544 Data 

Summary 

, Rgg.-0.095f. 

R cc .-0.060f. Rjj.-0.090r. 

j 3j-30.1V* 1 

IJ5-3.880X10* 11 A 

i 3j.-29.5V* 1 

I cs -4.890xl0’ 10 A 

xq-0.50 

M-0.2470exp(1.4631og 10 Ig) 

hJ r -3.697 - 
; FE 

19.40(log 10 Ig) - 5.371(log, 0 Ig) 2 


-O.4697(log 1o I 0 ) 3 - 0.2353(log 10 I B ) 4 


-0.04006{log 10 I B ) S 


to characterize the collector characteristics of 
a power switching transistor from a relatively 
low number of measurements which can be performed 
with standard laboratory equipment. Although two 
separate least-squares fits are necessary to Imple- 
ment this approach, once computer programs have 
been either located or written for this purpose, 
the task becomes one of simple data substitution. 

One point which cannot be emphasized strongly 
enough Is the fact that no two transistors, even 
of the same type, are exactly alike, and In fact, 
their dc characteristics may greatly differ. 
Therefore, no dc model can be expected to accu- 
rately predict the dc characteristics of a par- 
ticular transistor unless the data used In Im- 
plementing the model has been measured for that 
particular transistor. Hence, In many circum- 
stances, It Is desirable to be able to charac- 
terize a particular transistor quickly without the 
availability of an automatic test set-up dedicated 
to that purpose. The approach presented here 
lends Itself well to that goal. 
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Figure i. Collector aharaoterieties of I ^ v». V— with Ig ae a parcnetor for the 2H6S&4 traneietcr. 

(a)-(b) High current region with scale faotore V„, SV/divi 1^, lA/div ; and lg, SOmA/step. 
(a)-(d) Medina current region with eoale faotore V^, SV/div; 1^, .sA/divi and Ig, ICrA/step. 
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